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(54) Mechanically joining an Inner tube to an outer tube 

(57) A method of joining mechanically an Inner tube (2) to an 
outer lube (1 ) by radial expansion of at least the inner tube 
with the aid of an internal overpressure. 

The method is particularly characterized by filling the 
inner tube (2) with an explosive gas of determ ined 
composition, temperature and pressure, and by igniting and 
exploding the gas. 

A core (14. Fig. 2, not shown) may be used to reduce the 
amount of gas required. 
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A Method and Arramemont for Mechanically Joinijia an Inner TUbe to an 
Qater lUbe 

The present invention relates to a loethod for joining an inner tube itvecii- 
anically to an outer tube by radial expansion of at least the inner tube 
by mecins of an internal overpressure. 

Ihe invention also relates to an arrangement for carryix>g out the method. 

It is often desirable in the oil industir^r, the chortiical industry and in 
nuclear power plants, etc, to provide steel tubing or piping with an 
internal nc»i-^rroding lirg made for instance of stainless steel, Inoonel, 
Incolloy or titanium. 

For some usages, it is necessary to bond the lining to the outer tube 
atcanically, \M.ch can be achieved with the aid of e3q>losicai welding, 
extrusion or surface welding techniques, 

20 Other usages, however, require solely a mechanical press joint, vdiich can 
be achieved by pressirg an inner tube of ncMi-asrrodiJig material ra d ia lly 
outwards and into contact with the outer tube, with the aid of an internal 
liquid pressure. Alternatively, the outer .tube can be heated during the 
pressing operatiOT, so that the joint wUl be strengthened by shrinkage 

25 as the cxiter tube cools. 

In order to adiieve a good join between the tubes, or pipes, the material 
of the inner tube should be deformed above its elastic limt and the outer 
tube material deformed within the limits of its elastic limit. 

30 - 

Although the known methods of creating a mechanical join are less expensive 
than the methods for achievii^ an atonic bond, they are nevertheless 
complicated and cost demandii^ due to the large dimensions and lengths of 
the tubing or piping concerned. For exanple, a 36" oil pipe of 12 metres 

35 in length will accomroodate about 7.5 cubic metres of pressure medium. 



Irrespective of v^ether radial e)^)ansion is effected with the aid of a 
hydraulic punp or with the aid an explosive charge in water, the cycle 



period is quite considerable and handling is relatively difficult due to the 
amount of liquid used. 

The present invention provides a quicker and a sinpler method of effecting 
5 a inechanical join or ccHinection between an inner non-corroding liner or 
tube and an outer tube- 

Ihe present invention thus relates to a method of joining mechanically an 
inner tube to an outer tube by radial expansion of at least the inner tube 
10 with the aid of an internal overpressure- 

The method is particularly characterized in that the inner tube is filled 
with an eoqplosive gas of determined canposition, teirperature and pressure, 
aixi in that the gas is caused to be ignited and e:q)lod€d. 

15 

The invention also relates to an arrangement for joining mechanically an 
inner tube to an outer tube by radial expansion of at least the inner tube 
by means of an internal overpressure. 

20 Hie arrar^ement is particularly characterized by devices for filling the 
inner tube with an explosive gas of determined ccmposition, teirperature 
and pressure; and by devices for igniting the explosive gas and causing 
the same to explode. 

25 Ihe invention will now be described in more detail with reference to 
exarplifying embodiiDents thereof ard with reference to the aooOTpanying 
drawings, in vMch 

- Figure 1 illxistrates schematiccdly and in axial section a first embodi- 
ment of the inventive arrangement; and 
30 - Figvare 2 is an axial section view of an inner tube, an cuter tuber and 
a filling tube or liner of a second embodiment of the inventive arrangement. 

In the description and Clcdms, the word gas is losed to identify both 
individual gases and gas mixtures, for exanple explosive mixtures of 
35 combustible gas and an oxidizing gas. 



Shown in Figure 1 is an outer tube or pipe 1 in which an inner tube or 
lining 2 is placed. Hie tubes are closed at both ends by end covers 3, 



3 - . A miscture of oorabustiijle gas 5, e.g. hydrogen gas, acetylene, hydro- 
carbons such as gasol, town gas, gasolene, etc., and an oxidizing gas 6, 
sucii as oxygen gas or air is introduced through one of said end covers. 

5 -Qie explosive gas is intended to be exploded by ignition with, e.g., an 
electric spark or a pyrotechnic ignition cartridge. Hie illustrated 
embodinent comprises an electrical ignition system, iiicluding spark plug 
7, cable connecticsi 8, and a high voltage unit 9. 

10 Hie reference' 10 identifies a non-return valve whidi prevents the explosion 
from pn^gating to the gas delivery system upon ignition. 

The pressure generated vdthin the inner tube by explosion of the gas is 
determined fay the composition, pressure and temperature of the gas prior 
15 to the explosion. Gas pressure can also be affected by mixing-in other 
gases, such as nitrogen, carfxan dioxide, etc. 

Expansion of the inner tube is faciUtated when the gap 1- defined betoeen 
opposii^ surfaces of the inner and outer txibes is evacuated of air during 

20 the tube joining process, for instance prior to the explosim. Hiis can 
be achieved, for instance, with the aid of a hole 1" throu^ the outer 
tube 1 (figure 1) which places the gap 1' in ocranunication with the ambient 
surroundings of the outer tube, the gap being evacuated, for instance, 
throu^ a nipple 1"' and a vacuum punp not shown. In order to obtain a 

25 controlled and reproducible expansion, gas quantities and gas pressures 
are preferably oontcolled by automatics 11, oonprised of solenoid valves 
and tijne-function electronics for instance. Acoocding to one preferred 
embodiment, the energy content of the explosive gas is intended to be 
adapted for plastic defonnation of the inner tube and solely for elastic 

30 defonnatirai of the outer tube. 

The air is evacuated through a line 12 fitted with a valve, prior to 
introducir^ the explosive gas. Alternatively, the line is left open 
duriJ^ the initial inflow of gas and is closed when the gas pressure 
35 increases. This method is used preferably when the air is used as an 
oxidizing gas. 



When the explosion has taken placK, the pressure is reUeved through a 
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pressure relief line 13, whereafter the end covers are removed. 



In the case of continaous production, the end cover throuc^ vAiich the gas 
is introduced is preferably fixedly mounted and the opposite end cover is 
5 capable of being moved axially by means of hydraulic devices (not shown) 
for exanple. 

In the case of large tube dijuensions, the inner tube will aooornmodate moch 
more gas than that required for its expansion. In this case, the gas may 

10 be given a low initial pressure or may be admixed with an inert gas or 
air. Another alternative is to reduce the volume of the inner pipe, by 
placir^ therein an homogenous or hollow rod, as indicated in Figure 2. In 
the Figure 2 embodiment, 1 identifies the outer tube, 2 identifies the inner 
tube and 14 identifies a rod or a thidc-walled tube. Hie end covers with 

15 attachments shown in Figure 1 are not shown in Figure 2. Hie gas is 
introduced into the inner tube and caused to explode in the space 15 
between the bar or tube 14 and the inner tube. 

■me inventive method and the nethod of operation of the inventive arrange- 
20 ment will be understood in all essentials from the aforegoing. 

It will also have been imderstood that the invention provides a method of 
joining mechanically an inner tube to an outer tube in a far quidcer and 
much siitpler manner than can be achieved with known technixjues. 

25 

*rhe invention has been described in the aforegoing with reference to 
different embodiments. It will be understood, however, that other embodi- 
inents and minor itodif ications are OOTiceivable within the scope of the 
inventive concert. 

30 

For exanple, the gap 1* can be evacuated throu^ one of the end covers 3, 
3' , as indicated by the broken arrcw 3" in Figure 1. 

Hie invention shall not therefore be considered Um ityd to the af oredes- 
35 cribed and illustrated embodiments, since modifications can be made within 
the scope of the following Claims. 
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Claijns 

1. A method for joining mechanically an inner tube to an outer tube by 
5 radial expansion of at least the inner tube, with the aid of an internal 
overpressure, characterized by filling the inner tube 
with an explosive gas and by igniting the gas and causing the same to 

explode, 

10 2. A method according to Claim 1, characterized by adjusting 
the energy content of the explosive gas upon ignition and explosion, such 
that the inner tube will be deformed plastically and the outer tube will 

only be deformed elastically. 

15 3. A method according to Claim lor2, characterized by 
evacuating air frcm the inner tube prior to introdacii>g the explosive 
gas. 

4. A method according to Claim lor2, characterized by 
20 evacuating air from the inner tube with the aid of a gas intended to 

form an explosive gas, 

5. A method acoordii^ to Claim 1, 2, 3or4, characterized 
by decreasing the specific energy content of the e5q>losive gas by using a 

25 relatively low initial pressure and/or by diluting the gas with an inert 
gas, such as nitrogen or carbon dioxide. 

6. A method according to Claim 1, 2, 3, 4 or 5, charac- 
terized by reducing the available gas-filling volume of the inner 

30 tube by placing a body in the inner tube. 

?• A method according to Claim 1, 2, 3, 4, 5 or 6, charac- 
terized by evacuating the gap defined between the inner tube 
and the outer tube of air during the tube joining process. 

35 

8. A method according to any one of the preceding Claims, char- 
acterized by placing the tubes between two covers 
which sealingly connect the tubes; providing an explosive^as delivery 



line at one end cover vMch is preferably fixedly arranged; 

providing evacuation outlets at the other end cover, v*iich 

is preferably capable of being moved axially by means of hydraulic devices. 



5 9. A method according to airy one of the preceding Clcdms, char- 
acterized in that the oonibustible part of the explosive gas 
is ccBnprised of one of the gases hydrogen gases, acetylene or hydrocarbon 
gas, such as gasol, town gas or gasified petroleum products* 

10. An arrangement for joining mechanically an inner 
tube to an outer tube by radial expansion of at least the 
inner tube with the aid of an internal overpressure, 
characterised by a device for introducing into the inner 
tube an explosive gas; and by a further device for 

^ igniting the explosive gas to explode the same. 

11. An arranqement according to C l aim 10, further comprising a 
device for adjusUng ^ energy content of the explosive gas so that 
the iimer tube is deformed plastically and so that the outer tube 

20 is deformed only elasticcilly. 

12. An arrangemaent according to Claim 10 or 11, further 
comprising an evacuating device for evacuating air frcm the 
inner tube prior to or in conjunctiai with introducing the e}q)losive 

25 gas. 

13. An arrangement according to Claim 10, 11 or 12, father 
comprising devices for delivering an inert gas to the inner tube 

so as to reduce the specific energy content of the explosive gas. 



30 



35 



14. An arrangement according to Claim 10, 11, 12 or 13, 
further comprising a body for insertion into the inner 
tube so as to reduce the available gas-filling volume in 
said inner tube. 

15. An arrangem^ according to Claim 10, 11, 12, 13 or 14, further 
comprising a device for evacuating the gap defined between 
the inner tube and the outer tube during the tube joining process. 
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16- An arranaement accordincr to Claim 10, 11, 12, 13, 14 or 15, 

further comprising end oovers beUjeen which the 

tubes are sealir¥?ly disposed; in that an explosive gas deUvery 

line is provided in a first of said end covers said end- 

cover preferably beii^ fixedly mounted; and in that evacuaticxi outlets 

are provided in the other of said end covers , said end cover 
preferably being moveable axially by means of hydraulic devices for 
instance. 

17. A method for joining an inner tube to an outer tube 
by radial expansion substantially as herein described and 
illustrated with reference to the accompanying draw:Lngs. 

18. An arrangement for joining mechanically an inner 
tube to an outer tube by radial expansion substantially 
as herein described and illustrated with reference to the 

accompanying drawings. 
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